
���������
	��
�������
�
� ������	����
�����
��� �
	��
���������

���! �"#�!$&%'�)( �*�����

+-,'.0/2143�5)5)37698;:<6=3>,@?A37B'.037CEDGF�D4:H,EC
IKJML (ON�PQ"SR�T�%VUWN�XVY�NGZ J\[ YKT��!(O$]N�PVP^X ��_ ( J �!U � T�`O�)P�aH�)U [

� N�PVb�cdN�b��eN�P [f� � [VJ N � (OT7g)�!`O` J PVb � Nh%V(#Nh"OT�(ji
k PV`l" J " J "OcV�KaHT�( �m[ ZhN�PVg)� [ �nT�$o Vc�"O�)(S�7"Oc [VJ �)`

�nT�UMU\�)b�� � N�( L X � Yqp ��rhs p

tvu�5wD*14Fdx�D
���!b�$]�!PQ"yNh" J T�PzTha�Z JM[ �)T J PQ"#T{`j|VT�"O`}N�P [ `jg)�)P��)` J P9"O|V��g!T�$o V(O�!`O`O� [~[ T�$]N J P9N�U\UMT4��`](#N� J\[ X
(O�)N�U � " J $]�SN�PdNhUMi7` J `
T�a�Z J\[ �!T�g)T�PQ"O�)PQ"ScV` J PVb&`j"#N�P [ Nh( [ |dN�( [ �
Nh(O��� 	 | J `
 dN� '�)(n V(O�!`O�)PQ"O`S(jT�%VcV`l"
"#�!gy|VP JM� c��)`�aHT�(� dN�(O` J PVb �������K� g)T�$o V(O�!`O`j� [ Z J\[ �!TK`O� � c��)PVg!�)` J PQ"#Tm`O|VTh"#`�%dNh`O� [ T�P�"#|V� J (� V|Qi�` �
J g)N�U�`j"#(jcVg!"OcV(O�vN�P [ aHcV(l"#|V�!( J PQ"#Tf`Og!�)PV�!`o%VN�`O� [ T�P0"#|�� J (-`O�!$�N�PQ" J g�`l"#(jcVg!"OcV(O�}%Qi J\[ �!P>" J a�i J P�b
gy|dN�P�b��)` J Pvg)T�P>"O�)PQ"�N�P [ gGN�$o�)(ON�$oT�" J T�P^� 	 |���N�PdN�U�i7` J ` J `� E�!(jaHT�(j$]� [�J P�"#|V�mg)T�$o V(j�)`O`j� [�[ T �
$]N J P�cV` J PVb�N*ZhN J UWN�%�U\��$]N�g)(jT�%VU\T7g L N�P [ $oT�" J T�P;Z��)gw"#T�( J P�aHT�(j$�N�" J T�P^XVN�P [�J a�PV�)g!�)`O`ON�(ji�X�Y�� 	
J P�aHT�(O$]Nh" J T�P^� � Th" J T�P�Z��!g!"#T�(�N�PdN�U�i�` J `�i J �)U [ `�N � cdN�U J "yN�" J Z�� [ �!`Og!( J  �" J T�P&T�a�"#|V�ngGN�$o�)(ONK$]T�" J T�P
N�P [�J `�cV`O� [ "#T-`OcV% [VJ Z JM[ ��`j|VT�"#` J PQ"#T-`OcV%�`O|VT�"O`)��R��!i�aH(#Nh$]�!`�aHT�(�"#|���`O|�T�"#`nN�P [ `jg)�!PV�)`�g)N�Pv%'�
cV`j� [ aHT�(�%V(OT*��` J PVbVX J P [ �w� J PVbVXdN�P [ (j�!"O( J �wZhN�U��

����� 	 |���`Oc� V ET�(j"�T�aA"O|V� �����f�{	 �!gy|VP J g)N�U � �! ET�(l"��7�)( J �)`�N�P [ "#|V�m dN�(j" J N�U�`OcV V 'T�(l"
T�aE"#| J `
(O�!`O�)N�(Ogy|�%Qi�"#|V���mNh" J T�PdN�U���g J �)P�g)���dT�cVP [ Nh" J T�P�cVP [ �!(�b�(#NhP>" ��k
�����*���hs p�pvN�P [ "O|V��YK�) dNh(j" �
$o�)PQ"ST�a�YK�waH�)PV`j��cVP [ �!(mg!T�PQ"#(#Nhg!" � Y �K����s���� � ���#� p�� �-J `�b�(ONh"#�waHcVU\U�ivN�g L PVT*��UM� [ b�� [ �



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
SEP 1996 2. REPORT TYPE 

3. DATES COVERED 
  00-09-1996 to 00-09-1996  

4. TITLE AND SUBTITLE 
Compressed Video Segmentation 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Language and Media Processing Laboratory,Institute for Advanced
Computer Studies,University of Maryland,College Park,MD,20742-3275 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 
The original document contains color images. 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

18. NUMBER
OF PAGES 

26 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



� �)�'�* �¡�¢2£2¤��4¥<¡��

¦m§V¨j©�ª�«4¨O¬4­�®7¯�­�¬G©�°�«4±y²�¯\³V´f¯\³7®Q©�µ\®Q¬*²K­�¯\®7¯�­7¯\³V´f«;®7¯�­7¬G©f²l¬4¶Q§V¬G³�·w¬]¯M³�¨j©�²�¸V©�¨#²�«�³�­0²O·!¬G³�¬4²!¹
«�³d­º²�¬Gµ\¬4·w¨O¯\³�´]©h³V¬�©�±Kª�©�±O¬-»Q¬G¼v½¾±y«4ªv¬4²�¨O©v±j¬G°V±O¬*²l¬G³7¨m¬*«�·y¸�²l¸V©h¨G¿-Àn¸V¬4²l¬�»Q¬)¼}½¾±#«�ªv¬*²m·G«4³
¨O¸�¬G³�Á�¬]§�²�¬4­�½¾©�±KÁV±j©4ÂS²l¯\³�´V¹�¯\³�­7¬GÃ�¯M³V´V¹E±O¬G¨j±O¯\¬)®�«4µ�«�³d­Ä©h¨O¸V¬G±�«�°V°VµM¯�·G«4¨O¯M©�³�²KÂ�¸V¯W·Å¸f©�°�¬G±y«4¨O¬
©�³}«e²�¯\³V´hµ\¬�²l¸V©h¨G¿�À�¬Gªv°�©�±#«�µE«�³d­v·!©�³7¨O¬)³�¨�±j¬Gµ�«4¨O¯M©�³�²�¸V¯\°�²�Á�¬G¨�Ân¬)¬G³�»Q¬G¼e½¾±#«�ªv¬*²�·G«�³�¨O¸V¬G³oÁ�¬
§�²�¬4­]¨O©&·Å¸d«�±y«h·!¨O¬)±O¯\Æ)¬�¨O¸V¬�²�¨O±j§�·!¨O§�±O¬K©4½2¨O¸V¬S®�¯W­�¬G©�¿�Çm§V¬S¨O©�¨O¸�¬m°V±j¬4²l¬)³�·!¬S©�½�«�·!©h³�²l¯W­�¬G±y«4ÁVµ\¬
«�ª�©�§V³7¨�©�½�·G«4ªv¬G±y«vªv©h¨O¯M©�³�©�±�©�ÁVÈ�¬*·!¨�ªv©�¨j¯\©�³�¯\³É²l©�ª�¬v·!µM¯\°�²w¹�¨O¸V¬G±j¬]ª}«*¼�Á�¬v®Q¬)±O¼�µ\¯M¨O¨jµ\¬
²l¯Mªv¯\µW«�±j¯\¨�¼vÁ�¬G¨�Ân¬G¬)³�¹'½¾©�±�¬GÃ�«�ª�°Vµ\¬Q¹V½¾±y«4ªv¬4²m¬*«�±OµM¼�¯M³{«�²l¬*¶>§V¬)³�·!¬o«�³d­�½¾±#«�ªv¬4²Sµ�«�¨j¬G±�¯\³�¨j¸V¬
²O«4ªv¬�²�¸V©�¨)¿nÊ�³�¨O¸V¬*²l¬-·G«�²�¬4²!¹Vª�©�±O¬�¨O¸�«4³�©�³�¬e»Q¬)¼�½¾±#«�ªv¬Kª}«*¼oÁ�¬�±O¬4¶Q§V¯\±j¬4­A¿

Ë ¸V¬G³Ì²�¬G´�ª�¬G³�¨j¯\³V´�®7¯�­�¬)©V¹�¯\¨-¯�²e³�¬4·!¬4²j²O«�±j¼º¨j©�·!©h³�²l¯W­�¬G±-Á'©h¨O¸Ì°V¸7¼V²�¯�·G«4µ�«�³�­{²�¬Gª�«4³�¨j¯�·
°�«4±O¨O¯M¨O¯M©�³V¯M³V´V¿�Í�¸7¼�²l¯�·)«�µ�°�«4±O¨j¯\¨O¯M©�³�²�±O¬4²�§Vµ\¨S½¾±O©�ªÎ²l¨j©�°V°�¯\³V´�«�³�­�±O¬4²�¨y«4±O¨O¯M³V´�¨j¸V¬�·G«�ªv¬)±y«]©h±
«�±j¨O¯ÐÏE·!¯�«4µ\µM¼v·!©hª]Á�¯\³V¯M³V´�¨�Ân©�²l¬*¶>§V¬)³�·!¬4²n§�²�¯\³V´�½�«�­7¬4²!¹E­�¯�²j²l©hµ\®Q¬4²n©h±m©h¨O¸V¬G±�·!¯M³V¬Gª�«4¨O¯�·�¬!ÑE¬4·!¨#²!¿
ÒQ¬Gª}«�³7¨O¯�·K°�«4±O¨j¯\¨O¯M©�³�²�«�±O¬�¨�¼7°V¯�·)«�µ\µM¼�·!©h³�¨j¬G³�¨jÓ<±j¬Gµ�«4¨O¬4­f«�³�­�­�¬G°�¬G³d­�¨O©f²l©hªv¬�¬GÃ7¨O¬)³�¨S©�³�¨j¸V¬
«�°�°Vµ\¯W·G«�¨j¯\©�³^¿�Ôd©h±n¬GÃ�«�ª�°Vµ\¬Q¹�«�²�«�·G«4ªv¬G±y«K°�«4³�²�©�®Q¬)±n«�²j·!¬G³V¬�¹>¨j¸V¬�¬G³7¨O¯\±j¬K²�¬4¶Q§V¬G³�·!¬Sª�«G¼�Á�¬
·!©h³�¨#«�¯\³�¬4­�¯M³�«�²�¯\³V´hµ\¬�²l¸V©h¨G¹7ÁV§V¨n¨j¸V¬�·!©�³7¨O¬G³7¨�©�½2¨j¸V¬�²O·w¬G³V¬Sª�«G¼�·y¸�«�³V´h¬K¨O©&²l§�·y¸�«�³v¬GÃ7¨O¬)³�¨
¨O¸d«�¨K¯M¨K²�¸V©�§VµW­�Á�¬o·!©�³�²�¯�­�¬)±O¬4­f«�²K«]³�¬GÂÕ²l¬Gª�«4³�¨j¯�·m¬)³�¨j¯\¨�¼Q¿KÖS§V±K­7¯�²O·w§�²O²�¯\©�³�¯W²�Ád«�²l¬*­Ä©h³�«
­�¯W·Å¸V©h¨O©hª]¼vÁ�¬G¨�Â�¬G¬G³�¨j¸V¬o°V¸�¼�²l¯W·G«�µ�²l¨j±O§�·w¨O§V±j¬Q¹AÂ�¸V¯W·Å¸�­�¯\®7¯�­�¬*²m¨O¸V¬o²�¬4¶Q§V¬G³�·!¬-¯\³7¨O©{×#²l¸V©h¨y²jØ�¹
«�³d­e¨O¸�¬n²�¬Gª�«4³�¨j¯�·�²�¨O±O§d·!¨O§V±j¬Q¹4Â�¸V¯�·y¸-­�¯\®7¯�­�¬*²'¯\¨�¯M³�¨j©�×y²j·!¬G³V¬4²jØ�¿�ÒQ§VÁE­�¯\®7¯�²�¯\©h³�²=©4½E²l¸�©�¨y²�Á�«h²l¬4­
©�³f©�¨j¸V¬G±�°V¸7¼V²�¯�·G«4µ�·!±j¯\¨j¬G±O¯W«�²l§d·Å¸f«�²S·y¸�«�³V´h¬4²�¯\³f·G«�ª�¬G±y«�ªv©�¨j¯\©�³}«�±O¬�¨j¬G±Oªv¬*­Ä×#²l§VÁ�²�¸V©�¨#²OØ7¿

Àn¸V¬�±O¬GµW«�¨j¯\©�³d²l¸V¯M°�²AÁ�¬G¨�Ân¬G¬G³�²l¸V©h¨�·y¸�«�³�´�¬4²�«4³�­�²j·!¬G³V¬�·y¸�«�³V´h¬4²Aª�«G¼�Á�¬�²�©�ªv¬GÂ�¸d«�¨'½¾§�ÆGÆG¼Q¿
À�¼7°V¯W·G«�µMµ\¼Q¹E«�²�¸V©�¨&·Å¸�«4³V´�¬oÂ�¯\µMµ�¯\ª�°Vµ\¼�«f²O·!¬)³V¬o·Å¸d«�³V´h¬Q¿vÔV©�±�¬GÃ�«�ª�°Vµ\¬Q¹�Â�¸V¬G³É«;²�¬4¶Q§V¬G³�·!¬
²l¸�©�ÂS²�©�³�¬;°�¬G±#²l©h³Ù«�³d­@¨O¸�¬G³Ú·Å¸�«4³V´�¬*²�¨O©�«�³�©�¨O¸�¬G±]°�¬G±#²l©h³�¹�«�²O·w¬G³V¬f·Å¸d«�³V´h¬;¸d«�²�·!µM¬4«�±jµ\¼
©7·G·!§�±O±O¬*­A¿�Ê<½j¹V¸V©4Ân¬G®Q¬)±G¹�¨�Â�©o²l¸V©h¨y²K²�¸V©4Âq­7¯�ÑE¬G±O¬)³�¨�®�¯M¬GÂS²�©4½�¨O¸�¬�²j«�ªv¬�°�¬G±#²l©�³�©h±m°�µ�«�·w¬Q¹�¯M¨
¯�²K³V©h¨�©hÁ�®7¯\©h§�²e¨j¸�«�¨-«�²j·!¬G³V¬�·y¸�«�³V´h¬v²�¸V©�§�µ�­ºÁ�¬v¯W­�¬G³7¨O¯�Ïd¬4­A¿vÒQ¯\ª�¯\µ�«4±OµM¼Q¹'¯Ð½
«�·G«4ªv¬G±y«o°�«�³
¯�²�§�²�¬4­@¨j©Ì·Å¸d«�³V´h¬�¨O¸�¬�®7¯\¬GÂÛ½¾±O©hª ©h³V¬�°�¬G±y²�©�³Ù©h±]°VµW«�·!¬f¨O©0«�³V©h¨O¸V¬)±G¹�¨O¸V¬�²l¸V©h¨�·y¸�«�³V´h¬
·!±j¯\¨O¬)±O¯�«�ª�«G¼�³V©�¨SÁ�¬-²O«�¨j¯�²�Ï�¬4­A¹VÁV§�¨m¨j¸V¬-²O·!¬G³�¬�·Å¸d«�³V´h¬�·w±O¯\¨j¬G±O¯W«eª�«G¼Q¿�ÔV©�±S·!©h³�²l¯W²l¨O¬)³�·!¼�«�³�­
²l¯Mªv°VµM¯�·!¯M¨�¼Q¹�Â�¬�Â�¯\µMµ�«h²O²l§�ªv¬�¨O¸�«4¨-«v²O·!¬)³V¬�³V¬G®Q¬G±�·!±j©Q²O²�¬4²�«v²l¸�©�¨�Á�©�§V³�­�«�±O¼0«�³d­�¨O¸�«4¨�«4³�¼
¯\³d·!©�³�²�¯�²�¨O¬G³�·w¯\¬4²�¯\³�¨O¸V¬�±j¬Gµ�«4¨O¯\©h³�²l¸�¯\°�²nÁ�¬G¨�Ân¬)¬G³�²O·w¬G³V¬4²�·G«4³�Á�¬�±O¬4²�©�µM®Q¬4­v«�¨�«�¸V¯M´�¸V¬G±�µM¬G®Q¬Gµ�¿

¦Ü²�¸V©�¨f¯\³Ý«@®7¯�­�¬)©9·wµ\¯\°Þ·)«�³Þ¨O¸7§�²;Á�¬0­�¬!Ï�³V¬*­ß«h²�«@ª}«�Ã7¯\ª�«4µS²l¬4¶Q§V¬G³�·w¬º©4½�½¾±y«4ªv¬4²
±O¬*²l§VµM¨O¯\³�´}½¾±j©�ªÎ«�·!©h³�¨j¯\³7§V©�§d²!¹�§�³V¯\³7¨O¬G±j±O§V°�¨O¬4­�±j¬4·!©�±#­�¯\³�´�Á7¼�¨O¸V¬o¯\³V°�§V¨�­�¬)®�¯W·!¬Q¹A¨�¼7°V¯�·G«4µ\µM¼
«�·)«�ªv¬G±#«�¿oÍ�«4±y²l¯M³V´�¯M³�®Q©hµ\®Q¬4²�­�¬G¨O¬)±Oªv¯M³V¯\³V´oÂ�¸V¯W·Å¸0²l¸V©h¨�¬4«h·Å¸�½¾±y«4ªv¬�¯\³�¨O¸�¬v²�¬4¶>§�¬G³�·!¬fà<©h±
·!µM¯\°Aá�Á�¬GµM©�³V´�²e¨j©V¿oÀn¸V¬�Ï�±y²�¨�²l¨j¬G°�¯\³�°�«4±y²l¯M³V´�¯W²�­�¬G¨O¬)±Oªv¯M³V¯\³V´�Â�¸�¬G±O¬�²l¸V©h¨�·y¸�«�³�´�¬4²K©7·G·!§�±
¯\³Ì¨j¸V¬f·!µ\¯M°�¹�«�³�­{¨j¸V¬f²l¬4·!©h³�­9²�¨O¬G°Ì¯W²�¨O©�±O¬!Ï�³�¬v¨O¸V¬f²�¬G´�ªv¬)³�¨#«�¨O¯M©�³{¯M³�¨j©�²l§VÁd²l¸V©h¨y²]Â�¸V¯W·Å¸
¬GÃ7¸V¯\Á�¯\¨�·!©h³�²l¯W²l¨j¬G³�¨�°V¸7¼�²l¯�·)«�µ�°V±O©h°�¬G±O¨j¯\¬4²�²l§d·Å¸0«�²-·G«�ªv¬)±y«]ªv©h¨O¯M©�³�¿�â�µ\§V¬4²K©hÁV¨y«4¯\³V¬4­�½¾±O©�ª
¨O¸�¬S²l§VÁ�²�¸V©�¨#²�«�±O¬�½¾§V±j¨O¸V¬G±�§�²l¬4­�¨j©�²l§�ÁA­7¯\®7¯�­�¬�¨j¸V¬S²l¸V©h¨y²�¯\³7¨O©�²O·!¬G³�¬4²�Â�¸V¯W·Å¸-¬GÃ�¸�¯\ÁV¯M¨�®7¯�²�§�«�µMµ\¼
·!©h³�²l¯W²l¨O¬)³�¨�·w©�³7¨O¬G³7¨G¿-ÔV©�±�¬GÃ�«�ªv°VµM¬Q¹�·G«4ªv¬G±y«oªv©�¨j¯\©�³�²l§VÁd²l¸V©h¨y²eª}«*¼�°V±j¬4­�¯W·!¨m¨j¸V¬o³V¬G¬4­;½¾©h±
²l§�ÁA­7¯\®7¯�²l¯M©�³o¯\³7¨O©&²O·!¬G³�¬4²�Â�¸V¯�·y¸�¸�«G®Q¬K²�§VÁ�²�¨y«�³7¨O¯W«�µMµ\¼o­�¯ÐÑA¬)±O¬G³7¨�·!©h³�¨j¬G³�¨�¯M³v­�¯ÐÑE¬G±O¬G³7¨�°�«�±j¨y²�©�½
¨O¸�¬S·!©�³7¨O¯M³�§V©h§�²�²�¬4¶>§�¬G³�·!¬�©�½�½¾±y«4ªv¬4²!¿ Ë ¬S·G«�³o­7¬!Ï�³V¬�©h¨O¸V¬G±�·!©�³7¨O¬G³7¨OÓ¾Á�«h²l¬4­�×#²O·!¬G³�¬S·Å¸�«4³V´�¬*Ø
·!±j¯\¨O¬)±O¯�«e½¾©h±m¨j¸V¯�²�²�§VÁE­�¯\®7¯�²�¯\©h³�¹A²�§�·y¸�«�²�©�ÁVÈ�¬*·!¨y²�«4°V°�¬4«�±j¯\³V´v©h±�­�¯W²O«�°�°'¬*«�±O¯M³V´V¹�®h«�±j¯�«�¨j¯\©h³�²�¯M³
¯\µMµ\§Vª�¯\³�«4¨O¯\©h³�¹�©h±K©�¨j¸V¬G±�«4°V°VµM¯�·G«4¨O¯\©h³VÓ�­�¬!Ï�³V¬*­�¬G®Q¬G³7¨y²!¿SÊ�³�¨O¸�¬�·G«h²l¬�©�½
·G«4ªv¬G±#«�ªv©h¨O¯M©�³�¹V¨j¸V¬
²l§�Á�²l¸V©h¨n±j¬4²l§VµM¨y²�·G«4³v«4µ�²l©�Á�¬S§�²l¬4­�¨O©�±j¬!Ï�³V¬S¨O¸V¬�°�±O©7·!¬4²j²�Á7¼�·!©h±O±j¬4·!¨O¯M³V´K½�«�µW²l¬S­�¬G¨j¬4·!¨j¯\©�³d²�Á7¼

ã



äOå�æKç�åVè�ä
éÅå�ê4ëVì�æ�í�æGäjæ4é!äjè�îGï�ð�ñ\ëdê�ò\òMóQô�õ�ç�ñ\ëVì-ç�åVè�ä
éÅå�ê4ëVì�æ�ô�ç�õVö�ç�åVè�ä)ôVê�ëdívçOé!æ)ëVæmñMë�÷¾è�îjø�ê�äjñ\èhë�ô
ù æGóº÷¾î#ê�øvæ*ç�ê�îOæfæGú7äOîyêhé!äOæ*í0÷¾îjè�ø äOå�æ�çlæ*û>õVæ)ë�é!æ4ç�ê4ë�íÙçlõVödçlæ4ûQõVæGë�éwæ4ç!ïÙü�ëÚäOåVñWç�ý�ê4ý�æGî]þ�æ
ê�îjæ�é!èhë�é!æGîjëVæ4í]ýVîjñ\ø�ê4îOñMò\ó�þ�ñ\äjåväOåVæ�í�æGäOæ*é!äOñMè�ëoè�÷�çlåVèhäSéÅå�ê4ëVì�æ*ç!ôVé)ê�øvæGî#êKøvè�äjñ\è�ë�ÿwôVê4ë�í]äjåVæ
çlæ)ò\æ4é!äjñ\èhëvè�÷ ù æ)ó�÷¾î#ê�øvæ4çwï

� ò\äjåVè�õ�ì�å�ê]òMè�äSè�÷�þnèhî ù å�ê�çSö'æ)æGë�í�è�ë�æ�è�ë�éwè�øvýVîjæ4çOç�æ4í���í�è�ø}ê�ñ\ë��7ñ�í�æ)èvê4ë�ê�òMóVç�ñ�çSê�ë�í
çlå�è�ä�éyå�ê4ëVì�æSí�æ)äOæ4é!äjñ\èhë�ôQø�ê�ë7ó�è�÷�äjåVæ�ê�ò\ìhè�îjñ\äOå�ø�ç=÷�ê�ñMòVñ\ë�é!æGîjäyê4ñ\ë�äOîjè�õVö�ò\æ4ç�è�øvæSéGêhçlæ4ç�þ�åVñWéÅå
þ�ñ\òMò�ö�æ
í�æ4çOéwîOñ\ö�æ4í�ñ\ëoí�æ)äyê�ñMò�òWê�äjæGîGï��nåVñWç�ý�ê�ý�æGî�ýVîOæ4ç�æGë7äyç�êmîjè�öVõdçlä�ê4ò\ì�èhîOñMäOåVøÕäOå�ê4ä�ý�æGîl÷¾èhîOø�ç
þnæ)ò\òA÷¾è�î��
	���
���ñWí�æGè�æGë�éwè7í�æ4í;þ�ñMäOå�ê�ë7ó;ýdê�äOäjæGîOëfè�÷�üyô�	2ôAê4ë�í��~÷¾î#ê�øvæ*ç�ö7ó;ñWí�æGë7äOñÐ÷¾ó�ñMëVì
äOå�æ4çlæKäjîOèhõVöVò\æ*çlè�ø�æKéGêhçlæ4çwô�ê�ë�í�ê4ýVýVò\ó7ñ\ë�ìe÷¾õVîjäOåVæGî
ê�ë�ê4ò\ó�çlñWçnè�ëVòMó]äjè�äOåVæ4ç�æ�éGêhçlæ4ç�äOèoé!èhë���îOø
äOå�æeý�îOæ4ç�æGë�é!æKè4÷�êoçlåVèhäKéyå�ê�ë�ì�æQï

� æ4é!äjñ\èhë��;è4÷KäjåVñ�ç�ý�ê�ý�æGî�ìhñ��Qæ4ç�çlèhøvæoö�ê�é ù ìhîOèhõVë�í{è�ëÚé!èhøvýVîOæ*çOçlæ*íºí�èhø�ê�ñMë{ê4ë�ê�òMóVç�ñ�çwï
� æ4éwäOñ\èhë���ï���í7æ4çOé!îjñ\ö�æ4çAäjåVæ��
	���
ÌîjæGýVîOæ*çlæGë7äyê4äOñ\èhë-ê�ë�í�äOåVæ�é!èhøvý�è�ëVæGë7äyçAè4÷VäjåVæ�é!è�ø�ýVîOæ4çjçlæ4í
çläjîOæ4ê4ø äOådê�ä�ê�îOæ�øvæ*ê�ëVñMëVì�÷¾õVò4÷¾è�î2ç�åVè�ä�éÅådê�ëVìhænê4ë�ê�òMóVç�ñ�çwô � æ*é!äOñMè�ë���ï��mí�æ*çOé!îjñ\ö�æ4ç'îjæGò�ê4äOæ4íKþ�è�î ù
è�ë�äOåVæSç�õVö���æ4é!ä)ô�ê4ë�í � æ4é!äjñ\è�ë���ï� Kì�ñ��Qæ*ç�êKöVîjñ\æ!÷Eè!�QæGî"��ñMæGþÌè�÷�èhõVî�ç�óVç�äOæGø�ï � æ4é!äOñMè�ë# -ê�ë�í�ñ\ä#ç
çlõ�ö�çlæ4éwäOñ\èhë�çní7æ4çOé!îjñ\ö�æSè�õVî
ê�ò\ìhè�îjñ\äOå�ø ÷¾èhînç�åVè�äSéyå�ê4ëVì�æ�í�æGäjæ4é!äOñMè�ë�ô7ê4ë�í � æ4éwäOñ\èhë%$&í�æ4çjé!îOñMö'æ*ç
äOå�æeø�è�äOñMè�ë��Qæ4é!äjè�îSê4ë�ê�òMóVç�ñ�ç�äOæ4éyåVëVñWû>õVæ*ç�õ�ç�æ4í}÷¾èhîmñWí�æGë7äOñ�÷¾ó7ñ\ë�ì�éGê4øvæGîyê�ø�è�äOñMè�ë�ï � æ4é!äOñMè�ë'&
æGú7ýVò�ê4ñ\ë�ç2äOåVæSç�åVè�ä�ç�õVöEí�ñ��7ñ�ç�ñ\èhëvé!èhë�é!æGý�ä�ê4ë�í ù æ)ó�÷¾î#ê�øvæ�ñ�í�æ)ë�äjñ(�EéGê4äOñMè�ë�ï � çlõ�øvø�ê�îjóKè�÷EäjåVæ
æGú7ý�æGîOñMøvæGë7äyç!ô4îOæ*çlõVòMäyçnê4ë�ívê-í�ñ�çjé!õ�çOç�ñ\èhëvè�÷�äOåVæ)ñ\î�ñ\øvý�ò\ñ�é)ê�äOñMè�ë�ç2ê�îjæKýVîjæ4çlæGë7äOæ*í�ñMë � æ4é!äjñ\èhë*)7ï

+ ,�-�.�/�02143535146�7�-8.�9�:<;>=�;?9�@BA�35:<3
�nåVæ�ýVîjè�öVòMæGø è�÷�çlæGìhøvæGë7äyê�äjñ\èhë�ê�ëdí ù æGóv÷¾îyê�ø�æ�æGú7äOî#ê�é!äjñ\è�ëfñ�çmñMøvý�è�îjäyê�ë7äSñ\ë�æ4ê4îOò\ófç�äyê�ìhæ4ç
è�÷C�7ñ�í7æGè�ê�ëdê�ò\ó�çlñWçeö�æ4éGê4õ�çlæoè�÷SäjåVæoò�ê�îjì�æ�ê�øvèhõVë7äeè4÷Sé!èhøvýVîjæ4çOç�æ4í�íVê�ä#ê;äjå�ê�ä-ëVæGæ4íVçKäjè�ö�æ
ýVîjè7é!æ4çOç�æ4í�ñ\ë�èhîyí�æ)î�äOèKîjæ4í�õ�éwænäOå�æSê�ýVý�ê4îOæGë7ä�îjæ4í�õVë�í�ê�ë�é!ó�ô�þ�åVñ\òMæ�ê4ä�äOåVæSçjê�øvæ�äjñ\øvæ ù æGæGý�ñ\ëVì
æGëVèhõVì�åÚíVê4äyê�äjè�ó7ñ\æGòWíºêfé!è�ë�éwñ�çlæ�çlõ�øvø�ê�îjó�è4÷SäOåVæ*�7ñ�í7æGèVïD�nåVæ�ê4ë�ê�òMóVç�ñ�çeè4÷�é!è�ø�ýVîOæ4çjçlæ4í
�7ñ�í�æGèSé)ê�ë�ý�îOè7é!æGæ*íeñ\ë-è�ëVæ�è�÷�ä�þ�è�÷¾õVëdíVê�øvæ)ë�ä#ê�ò�þ
êGóVçwïE�nåVæ���îyç�ä�ñWç=ö7ó�í�æ4éwè�øvýVîjæ4çOç�ñ\ëVìSç�è�øvæ
è�îSê4ò\ò�è�÷�äOå�æF��ñWí�æGè&ê�ë�ívõ�ç�ñ\ëVì-äOåVæKñMë�í�ñG��ñWí�õ�ê�òV÷¾î#ê�øvæ4ç�äjè�ìQê�äjåVæGîSç�åVè�äSéyå�ê�ë�ì�æKñMë�÷¾è�îjø�ê�äjñ\è�ë
H æ�ï ìVï�õ�ç�ñ\ëVì�é!è�òMè�î2åVñ�ç�äOè�ìhîyê4ø�çJI^ê�ë�í�ø�è�äOñMè�ë�ñ\ë7÷¾è�îOø}ê�äOñMè�ë�ñ\ë-äOåVæ�ýVñ\ú7æGò7í�èhø�ê�ñMë�ï��nåVæ�ç�æ4é!èhë�í
ñ\ë4�Qè�òG�Qæ4çnæGú7ýVò\èhñ\äjñ\ëVìoæGë�é!è7í7æ4íÄñMë�÷¾è�îjø�ê�äjñ\èhë�é!èhë�ä#ê�ñ\ë�æ4í�ñ\ë�äjåVæoé!è�ø�ýVîOæ4çjçlæ4í�îOæGý�îOæ4ç�æGë�ä#ê�äjñ\è�ë
ê�ëdí�í�èQæ4ç�ëVèhä�îjæ4û>õ�ñ\îOæ2äOå�æ�è!�QæGîjåVæ4êhí�è4÷Eí�æ4éwè�øvýVîjæ4çOç�ñ\èhë�ïK�nåVñWçAý�ê�ý�æGî�í�æ4ê4ò�çAþ�ñ\äjå�äOåVæ�ý�ê4îyçlñMëVì
è�÷L��ñWí�æGè�õdçlñ\ë�ì]äjåVæ�ñ\ë�÷¾èhîOø�ê4äOñ\èhë�ê5�hê�ñ\òWê�öVòMæ�ñ\ëD�
	��M
C��é!è�ø�ýVîOæ4çjçlæ4í#��ñWí�æGèVï

+ONQP R�SUTWV ,�-�.�/�02143535:<-�;
�nåVæ���è!�7ñ\ëVì'	�ñ�é!äjõVîOæ���ú�ý�æGîjä%
SîOèhõVý H �
	���
UI�çlä#ê�ë�íVê4îyíº÷¾è�îoí7ñ\ì�ñMäyê4ò��7ñ�í7æGè�ñWçeê4îOìhõ�ê�öVòMó
äOå�æeø�èQçlä�þ�ñ�í�æ)ò\ó�ê�éGé!æ)ýVäOæ4íoñ\ë7äOæGîjë�ê�äjñ\è�ëdê�òK�7ñ�í�æGè&é!è�ø�ýVîOæ4çjçlñMè�ë�ç�äyê�ëdíVê�î#íAïX�nåVæ��
	���
 æGë��
é!è7í�ñMëVì�ê4ò\ì�èhîOñMäOåVøZY[)2\�îOæGòMñ\æ4çAèhë]ä�þnèSö�êhçlñ�énäjæ4éyåVëVñ�ûQõVæ4ç^]AöVòMè7é ù �<ödê�çlæ*í�øvè�äjñ\è�ë&é!è�ø�ý'æ)ë�çOê4äOñ\èhë
äOè�é)ê�ýVäjõVîOæväjæGøvý�è�î#ê�ò�îOæ*í�õVë�íVê4ë�é!óQô�ê�ë�í{äjîyê�ëdç
÷¾è�îjø*��í�è�ø�ê4ñ\ë��¾ö�êhçlæ4í{éwè�øvýVîjæ4çOç�ñ\èhëºäjè�éGê�ý��
äOõ�îOæ�ç�ý�ê�äjñ�ê4òmîjæ4í�õVë�í�ê�ë�é!ó�ï_��è�äjñ\èhëÙé!èhøvý�æGë�çOê4äOñMè�ë9äjæ4éyåVëVñ�ûQõVæ4ç-ê�îjæ�ê�ýVýVòMñ\æ4í{õ�ç�ñ\ëVì0ö'èhäOå
`baKc!dQe^f!ghc!e^f!iXiQc!jlkXmonpmrqsdutKvOqwnpk<kQf!xCqFiQconpizyb{snpx|qsd}nwx|e^i<jleh~!�Wd<q��Gqsd<kFiQeze^mrqsd}nJi<jle^~!k|�lj��hqCmonJ~!~!jl~!grt

i<jl�li<jl~!grt�nJ~o�|�se5e^x|j�~2g�nE�2��qu�W{snpx|qsd}n�np~r�X~!ehiKi<eCn^{�i<fonJ�4{<crnp~!ghq�jl~Cmre^k<jliQj�eh~CeJ��iQc!q�{snpx|qsd}n2�

�



���"�!���B�^�u�������2���
���4�u���u���r���2�u�G���z�u�!�p�����������! h¡z¢����%���"�!�����h�u�G�r�
�5�"�u�r�� s��£r���2���B |¤<���"�u���5���h�o¥*¦
���"�! u s�!���� §�G��£� s���2�"�B�2�¨�u�!���������2���h©��u�!�����h�u�G�r���"�!�p�����B�����! ^¡C¢����w¤}�r�h���u���!�F�u�5¥��8�o�p�!���2���
 §���2�u���2���p���2��£o�! W�2�"�ª¤<�������2¥*�����«�2�K¤<�r�� §�5£o¥*�5�4�p�!�u���o�
¥��2¬��� |­
®�¯�°±�2�²�B�4�!�2�����2���������2�"�
¤<�r���h�o¥*���u�� u §���%���o¥��2�G�D�2���!��©� §�B ^¡³ �´­
®�¯�°µ §�"�u�!�!¥ ¶[·!¸��^�r�� s�B §�« U�!¤C�u���"�5�%�s©4���! F�2¤�¤<�«�2¥*�� �¹ ºp»l®�»K�2���½¼¾¤<�«�2¥*�! X¹
�4�5�h���u�u�G��£
���¿���"�5���5�u�G�u�����#���!�u�u���u�K¡ ³ ��ºÀ¤<�«�2¥*�#�B z�!�¿�2���p���r�w¤<�«�2¥*���u���!�z�B z §�G¥*���G©²�Á ®�¯�°Â�����h�4���G��£´¶(ÃhÄo¸��2¤X�G�p W�h�o�u�u�� §���r���4����£D����Å4�5�E�G¥��2£o��¡ ³ ®Æ¤<�p�!¥*�w�� À���u�!�����h�u���Ç¤<�u�r¥
���« |���"�!�h�!���G��£�ºX�r��®Æ¤<�«�2¥*��»O�2���È��¼É¤<�p�!¥*�w�� |���u�����B�h�"�!�Ç¤<�u�o¥ËÊ��r�"�È�G�p F���"�!�h�!���G��£��2���
¤<�r�G���!ÌX����£�º|�!���8Í��r�z®Î¤<�p�2¥��! h¡�Ï?��£o���u��Ã# s���!ÌC U�u���z���u�!�4�B�h�"�����W�u�5���2�"���r�� §���G�� h¡ ³ ���E�"���u�5�
�s©����! ��!¤E¤<�p�!¥*�! ��2�u�W���G�u�G¥��2�"�5��©��5���h�4�����Ç�� s����£#ÐoÑÒÑUÓ�¢F»O�����2�4�u��Ô��2�u�G�r�K»��2�����u����¦Q�G�5��£r�"�
�h�4���G��£�¡Õº��¿�u���DºF¤<�p�2¥��! h»��u���DÑUÓ�¢Ö�G��¤<�r�"¥��2�"���r���� z���5�u�G���!�½���G�u�!�^�u��©
¤<�u�o¥ �u������¥×�2£r�
 u�!¥*���G�! h»!Ê����E�G�z�u���C®²�2���z¼´¤<�«�2¥*�� h»!�u���CÑUÓ�¢�����¤<�o�u¥��!�u�G�r�W�B E�4�5�u�G���!�À¤<�"�r¥Ò�"�����"�! §�������!�
�5�"�u�r����¤<�"�5�*���"�!�����h�u�G�r�K¡Î¢����
¥*�r�"���r�����!�^�u�r�z�G��¤<�r�"¥��2�"���o�>�B #�2�� §���4�(ØO�5�u�����"�B�2�G��©´�h�4���!�O¡
¯��r�p�F¤<�p�2¥��?�G�U�"�����h���G�F�B O�����4�B�4�!�|���4�u�XÊ����4�p¬� ��2¤ÙÃ5ÚÜÛMÃ5Ú|����Å4�5�B ��5�!�������F­
�r�h�"�rÊ��G�4�J¬� EÝb­
¼X pÞp»
�2���É¥*�� s�*�2¤��u���²���!ÌX¦<���5�����|���"�4�h�! " §����£�»F�����h�����4����£� s���2�"�B�!�w�!���É�"�5¥*���r�«�2�F�"�!���������2���h©
�u�������h�"���r�Ù»��B ����5�s¤<�r�"¥*�!�*�!�|�"���B ��G�5���5���2¤� s���2�"�B�!�K�u�! s�r�����u���o�K¡

Ñ|���"����£#�u���W�5���h�4������£z���u�4�h�� u h»��z�u�� §�X�B �¥×�r���F�o���!�r�p��¥��r�h�"�rÊ��G�4�J¬#���×�%®½¤<�p�2¥���»��"�
 §���U�ß¤��u���!�|¥×�r�h�"�rÊ��G�4�J¬#�5�!��Ê��W���u�����B�h�"�!�ª¤<�"�r¥Ö�G�p X�h�o�u�u�� §���r���4����£#Ê����4�p¬*�G�*�u���W���"�5�4���r�� 
ºuÍ!®à¤<�«�2¥*�XÌX�G�u�#�W�8�á u s��Ê��G�|�!ØK s�5���u���h�r¥*���5�� u�2�"��¤<�r��¥*�o�u���o�K¡�ºQ¤K���L�2�����!�!�p ��"���2�����EÌ��r�����
Ê���¥*�o�u�*��Å����5�� s�����*�"�È���u�!�����h�z�!���â�����h�4���D���z�u���2�>�"�½�^�4�����G�#�����"�!�h�u�G©�ÝQ�� s����£ Á ®�¯�°
�u���J�����B�����! JÞ«»2�"���5�#�u���!��Ê����4�p¬z�B ?���r�����u�!�����h�u���UÊ������B ?�G���"�p�!¦b�h�4�4�!�ã¡�¢����� L�s©4���B���2���G©W�4�5�h���« 
�(¤À�u���D�h���"�u�5�4�#¥��r�h�"�rÊ��G�4�J¬´�����! #���r�*��������¥#���p�½���Õ�h�r¥*¥��r�½ÌX�G�u�>�"�������u�����G�r�� z�r���á¡
¯E���5�u©ä®å¤<�«�2¥*���u���5�u�h¤<�o�u�'�h�r�� s�B s�p %�!¤W���4�u�«�2¦}�h�4���!�Î­
¼X #�2���â¤<�o�uÌM�2�p�4¦Q���"�!�����h�u�!�¿­
¼X h¡
¢����5�"�*�!�u���2�� §�D §¬4�������!�²­
¼X FÌX���B�p�
�u�� §�5¥#Ê����W¤<�r�"ÌX�2�«��¦<���u�!�4�B�h�"�!�
­
¼X h»� §�G���h�z�"���5©²�2�"�
�B�4�5���"�B�5�!���u�� §�r¥��zÃ5ÚKÛXÃ5Ú#Ê����4�p¬*�2¤¨�u���U���u�5�4���o�� ��u�h¤<���u�5���^�|¤<�p�!¥*��¡æ ��¥����B�!�u�G©�»ã¤<�r�z�!�o�J�½¥×�r�h�"�rÊ��G�4�J¬²�����²¼ç¤<�p�!¥*��»¨�à�"�! §�z�� U¥��o���*�u�² s�5���(¤C�G�#�5�2��Ê��
���"�!���B�^�u�!�%¤<�u�o¥èÊ8�o�u�
�G�p X���u�5�4���o�� C�2��������Å���ºuÍ!®â¤<�p�!¥*�! ^»����p X���"�5���G�r�� CºuÍ!®>¤<�p�!¥*�W�2�G�r���á»
���« |���5Å4�WºuÍ!®Î¤<�p�2¥��z�2�G�r���á»ã�r�W�(¤��G�W�5�2�����r�WÊ��z���u�����B�h�"�!�×¤<�"�r¥é�2�4©
�u�h¤<�5�"�5���h�F¤<�«�2¥*���2���
�u�4�� E���o L�"�WÊ8�C���4�u�«�2¦}�h�4���!�O¡ ³ ­
¼â���2���2�B s�WÊ8�� §¬4�����8���ª�ß¤ã�G�E�B E�����5�4�u�B���2�4�u�� §�o¥*�X���2�"���2¤
�u���U�"�h¤<�5�"�5���h�X¤<�p�!¥*�! ��!���Ç�"���W�u�! s�B�����2�ã���u�u�o�XÊ��!�h�r¥��! �Ô5���u��¡�¯��o�J�D §¬4�����8���Ç­
¼>Ê��5�������� 
�B�4�5���"�B�5�!���G©U�"�w�"���|���u�5�4���o�� ����o��¦} §¬4�������!�*­
¼����#�u�����h���"�u�5�4�� §�G�B�h�X�!¤��u�����h���"�u�5�4�E¤<�p�2¥���¡ëê
ºb�È�o�u�����UÌ��r�«�� h»��u���zì��p s��­
¼ç�2¤í�� §�����h�#�5�!�����r��Ê��* s¬��G�����!�ã»��2���²�(¤X�"���#­
¼ç�s©4���#�2���
¥*�o�u���o�w���!�^�u�r�« ?�2¤O�"���B ?���r��¦} §¬4�������!�#­
¼½�!�u�� §��î×�h�������ã¤<�o���!��©��h�r�4�u�G�����r�� E s�u�"����£F�!¤�­
¼X 
���#�u���F s���B�^����¥�¥*�!�����2�u���(©C¤<�r���G�!ÌX����£W�u���|���o��¦} §¬4�������!�*­
¼F»!�u���� §�À­
¼X E�2�"�W §¬4�������!�O¡E¯��r�p�
­
¼>���D�#¼Õ¤<�«�2¥*�À�5�2��Ê��W�2¤��!��©*�o���w�!¤E�"���! s�Àì����F�s©����! ^¡

¢����W­
®�¯�°ï §�p�!�����!�p�������! ����r�M §���!�h�ß¤<©zÌX���B�p�%�"�!�p�����B�����! ¨�2�u���u�wÊ��C�� §���ª¤<�r��¥*�r�"���r�
�! s�u��¥×�2�u�G�r�D�2�������u�!�4�B�h�"���r�D�����u����£*�u�����5���h�4�4����£*���u�4�h�! " h¡�¢����� ^»ã���G�u�"���W�5�!�
Ê��#�r u s��¥*�!�
�2Ê��o�����"���C�����2���G�s©U�!¤K�"���|���u�!�����h�u�G�r���rÊ��«�2�����!�ªÌX�������X�����h�4���G��£�¡¨ð|�5���5�"�u���5�G�! u ^»2Ì��C�r " §��¥*�
�u���2�F�"���W���u�!�4�B�h�"���r�D�u�!�p�����������! ��!�u�w�"�!�r s�r���!Ê����z�����r��£o�
�u�#©��G�5�B�*�"�5�����2Ê��G�U¥��r�u�G�r�����!�h�"�r�
�2���È¥��r�^�u�rÊ����4�p¬
���!�p��¡'¢����%�"�!�r�4�5�z s���r�����È�u�^¤<�5�W�u���sÌ����!�u�"�B�h�G�! FÊ�©²ñã��°��!����¶[·4»?Úr¸E¤<�o�
¥*�o�u�F�G��¤<�r�"¥��2�"���r���r�
­
®�¯�°�¡
ò"óWô8õKöl÷Àø�õ<öl÷!ùhúlû�ü�ý}øpþ|û¨øJý<ûEù^ýQÿ����rû��|öl÷��Qÿ�õQúlö	��ûsõ�ÿJü�óWô8õ�
røpõ�ø�þCûuøp÷!õãÿpü�úëø��hûsý<öl÷!ù�


�



IBPBI

���������������������� !�#"%$���&'�(���*),+�$���-�.0/21��430/650�*$278�*�*.:9<;��=+>.? A@CBD�<+�EF��/

G61��H"%-�EF3���$I+>$��4-�.?+>)4)�JK�*LM3N��.0/O��&'�P/2$��*3F��.Q !��"�-�EF3�����/�/2�4.��SRT��U6VW&!�# !�*-X�#/Y$�1��P�4.M&'�*�I/O�
Z\[8G^]_92Z\[8G(`I;�7a1��,"<1:/O1�-���), b50�c+d&'-��, !�d e�fB�30-g/�/O��5�)4�ghaG61��X��.!BD-���EQ+>$��4-�.b+*&�+>��),+�5�)4�H�4.Q$�1��
����3�����/2�*.M$<+>$��4-�.�7a��$�1�-���$630�*�2BD-���Ei�4.��S92Z\[8G=�4.0"%)��0 !��/j$�1��P$2JM30�(-�Bj��+�"<1QRT@P;�$�1��HZ\[8GW"%-�k
�%le"%�4��.!$I/m-�Bn�d+�"<1K5�)4-M"<on;g+>.0 K$�1��pEF-�$��4-�.X&'��"�$�-��q"%-�EF30-�.��*.M$</nBD-���$�1��6BD-���7r+>�< s;!50+�"toM7a+��< n;
+>.? e5u�, !������"%$��4-�.0+>)�)4JX3u���� !�#"%$��d �RT@a/�h�G61��S+>3u3���-g+�"<1eBD-�)4)�->78�� K�4.F$�1��,/�30+>30�*�a��.!&'-�)4&'��/��u$��4k
)4��v*�4.u�K+>)�)w$�1����*�'�j$�1��SRT@=$OJM30��/%;uZ\[8Gx"%-'��lQ"%���*.M$</%;u+>.0 QEF-�$��4-�.F&'��"%$�-��</�h

ysz{y |F}M~��!�d}!�����0�>�
G61��T3���-�5�)��*E ->Bc/O1u-�$Q"<10+>.u���� !�*$���"%$��4-�.��4.���.0"%-�EF3����d/�/O�d �&M�, !�*-�/O�d������.0"%��/K10+�/�5N���*.
+� u !����/�/O�� �5!JKEQ+�.!JS����/2��+>�I"t1u�*�</�+�.0 F+H.!��E�50�*��-�Bj30+>30�*�I/Y-�.i$�1���/O��5��2�d"%$�10+*&'�p+>3�30��+����� 
�4.T$�1���)4�4$��*�<+�$������:���';w��;�����;��*�!;����';��*����hK9_.T���*.����<+>)�;w$�1��K$���"t1u.��,�'����/P M��/�"%���450�� b��.T$�1���/2�
30+�3N���</p+>���H-�B���-'-M T�'�0+>)��4$2Ji+�/a$�1��*Ji-�30�*�<+�$��S+>$p$�1u�\)�-�76��/2$a)4�*&'�*)�;�$�1u�\3u�4LM�*),/�h

�P+>�g+�/�+>o�+Q+>.0 :G�+�.0+>o�+������>�� !��/�"����450�S+� !�*$<+��4)��� Q/O$��? !JQ->Br/O�*&'��.b M���s�*����.!$a�*&�+�)4�0+�$��4-�.
BD��.0"�$��4-�.0/P$�10+�$H76-���oT-�.�$�1������I+*J!kD)4�*&'��)�+�.0 �"�-�)4-��S/O�4��.0+>)#/P�4.T$�1u��3���L!��)� !-�EQ+>��.wh� 010+�.��
�*$�+�)_hW�������p !��/�"%����5N�i$�1����*�Q$���"<1�.��#�����d/%;�7a1��#"t1���.0"%)��0 !�F30+��4��7a�,/O�:"%-�EF30+����,/2-�.¡->B¢3��4LM�*),/�;
)4��o'�*)4��1�-'-M b�<+�$���-�;�+�.0 �1��#/O$�-����I+>E£-�Bp�4.M$��*.0/2�4$2JQ)4�*&'��),/p+�/\Ei�*$����,"*/6BD-��S !�*$���"%$��4.��:"%��$I/P�4.�+
&M�, !�*-S/2�����u�*.0"%�'hjG61���JF+�),/O-c !��/�"%����5N�p+H$���"<1�.��#���u�6BD-��a M�*$���"�$��4.u�P���I+� !�0+�)w$��I+>.0/2�4$���-�.0/�;M+>.0 
�0/2�PEF-�$��4-�.�+>.0+�)4Ju/O�,/�$�-S���*EF-�&'��B�+>),/2�P M�*$���"�$��4-�.0/� !���P$�-K"*+�EF�*�I+(EF-�&'�*E��*.!$I/%hw¤�+>EF30+�3����
�*$�+�)_hr�¥���u�0/O�p+PEF-M !��)4kD50+�/2�� X$�-�3�k_ M->7a.i+>3u3���-g+�"<1F$�-H M��/O����.KBD��+>$������p !��$���"%$�-��I/mBD-���&�+����4-��0/
�� !��$P�%�s��"%$I/%hF¦'10+�1��<+��<+*J����������*EF3u)4-�J�/a5�)�-M"toMk�Ee+>$<"<1���.���$���"<1�.��,�'����/a$�-Q§0)4$��*�P-���$HEF-�$��4-�.
+>.? ¨$�1��*.=EF��+�/O������/K$�1��©/O�4Ei�4),+�����$OJ0ª� M�,/O3?+>����$2J�50�*$276���*.�BD�I+>EF��/�;6$�-� !��$���"%$i+>5u����3�$e+>.0 
���I+� !�?+>)w/21�-�$r"t1?+>.�����/%h6[�1����OB�+>-����s+>.0 i@6�*��$��4.:�����s !��/�"����450��+P$���"<1�.��#�����a5?+�/O�d �-�.i"*+>Ei�*�<+
EF-�&'�*E��*.M$</%h� s+>5���1Q�*$P+�)_h������*�� !��/�"����450�S+K$���"<1�.��#�������0/O��.�����.!$��*.0/2�4$2J��d !����/a$�1?+>$� !�*$��d"%$</
&�+>���4-��?/«�� M�4$</a/2�0"<1b+�/("���$</�;� !�#/�/O-�)4&'��/�;!B�+� !�d/%;��*$I"�h

¬ )4-�$K->B�76-���o�10+�/�+>)#/O-T50�*�*.� !-�.��Q-�.� !�*$���"%$���.��:/O1�-�$F"<10+�.�����/X��.�$�1u�Q"%-�Ei3�����/�/O�� 
 !-�EQ+>��.�����;��g;�­�;����';��*®�;���¯�;��*­��_h�G61�����+���)4����/O$¢+>3�3���-'+�"t1��d/\76������5!J ¬ ��EQ+�.T�*$S+>)�hT�����_;
7a1�-Q�0/2�� A-�.�)4J:$�1���Z\[8Gx��.!BD-���EQ+>$��4-�.:->Br9_k{BD�I+>EF�d/«$�-Q !�*$���"%$� !�,/230+>���4$2J'hPG61u�,/($���"t1u.��,�'���
76-���ou/«78�*)4)s7a�4$�1b"�)4�43?/a"%-�.M$<+��4.���.��K-�.�)�JQ9_k{BD�I+>EF�d/P]�°H92�\V=BD-���EQ+>$a-��PRb-�$���-�.:±'��UrVH`I;N5��u$
10+�/«3���-�5�)��*EQ/���B�$�1u�X"�)4�43e"%-�.M$<+��4.0/a��+>.0 Q@CBD�<+>Ei��/6+�.0 F$�1��S9_k{BD�I+>EF�d/6+>���S/O30+�"%�� F7a�, !��)4J
+>3?+>��$�h¡Z(���F$�-T$�1��Q���� !�0"%$��4-�.��4.¡$���EF30-��<+�)6����/O-�)4��$��4-�.²;�$�1��*���FEQ+*JT50�FB�+>),/2�: !�*$��d"%$���-�.0/
 !���S$�-�),+������SEF-�$��4-�.0/«��.Q$�1��c/�"%�*.u�'ha9�B�$�1u�*���H�,/aEF-����H$�10+�.T-�.��c/O1�-�$H"<10+>.����X7a��$�1���.A$278-

�



Compressed
Video

Key
Frames

Motion Analysis
Shot Change

Detection

DCT Validation

Key Frame
ExtractionScene Analysis

Subshot and

³�´4µ�¶�·�¸S¹Mº�³�»4¼�½¿¾!´,À�µ�·<À�ÁÂ¼>Ã�¼�¶�·�ÄOÅuÄOÆ�¸*ÁTÇ

È ¼�É0ÄO¸ È ¶�Æ�´�Ê'¸6Ë_Ì,ÃD·<À�ÁF¸�Ä%Í�Æ�Îu¸�ÄO¸8Æ�¸ È Î�É�´#Ï�¶�¸dÄ È À>É�Éu¼�Æ�¾!¸�Æ�¸ È Æ�À>»�»!¼�Ã0Æ�Îu¸*ÁÐÉ�¼�· È À>ÉKÆ�Îu¸*ÅHÑ�´4É�Ñ0¼�´4ÉMÆ
½aÎ�¸*·�¸HÆ�Î�¸HÆ�·IÀ>É0Ä2´4Æ�´4¼�É:¼ È*È ¶�·�·�¸�¾sÇ«Ò'¸�Æ�Î�´jÀ�É0¾bÓ�À�Æ�¸*»8ÔfÕ�Õ�Ö�À�»,ÄO¼�¶0Ä2¸�¾F¼�É�»�ÅbË_Ì,ÃD·<À�ÁF¸�Ä6À�É0¾AÆ�Î!¶?Ä
Æ�Îu¸*´4·pÀ�Ñ�Ñ�·�¼gÀ È ÎTÄ2¶!×s¸*·�¸�¾�ÃD·�¼�ÁÂÄ2´4ÁF´�»,À>·�Ñ�·�¼�Ø�»�¸*ÁQÄ�Ç

Ë_É È À�ÄO¸dÄX½aÎ�¸*·�¸eÓÙÀ>É?¾CÚÛÃD·<À�ÁF¸�ÄH¸*Ü!´#ÄOÆS´4É¡ÀbÊM´,¾!¸�¼ È »4´�ÑwÍ�Æ�Î�¸*·�¸eÀ>·�¸QÆ�¸ È ÎuÉ�´,Ï'¶�¸�ÄHÆ�Î0À�Æ
À>»�»4¼�½ÝÆ�Î�¸QÀ È Æ�¶?À>»pÞ\ß8àáÊ�À�»4¶�¸�ÄX¼�ÃPÆ�Î�¸QÑ�´4ÜM¸*»8¾�À�Æ<ÀT¼>Ã�Æ�Î�¸�Ä2¸FÃD·<À>Ái¸�ÄPÆ�¼�ØN¸ È À�» È ¶u»,À>Æ�¸�¾�¼�·
¸�Ä2Æ�´4ÁeÀ>Æ�¸d¾e¶?ÄO´4ÉuµAÆ�Î�¸KÞHß8àÛÊ�À>»�¶�¸�Ä(¼�ÃaÆ�Îu¸X·�¸�ÃD¸*·�¸*É È ¸\ÃD·IÀ>ÁF¸�ÄpÀ>É?¾bÆ�Î�¸�Þ\ß8àÐÊ�À>»4¶u¸�Ä(¼>Ã8Æ�Î�¸
·�¸dÄO´,¾M¶0À>»�¸�·�·�¼�·P½a´4Æ�Î�¼�¶uÆ È ¼�ÁiÑ�¶�Æ�´�É�µ�Æ�Î�¸�Ë2Þ\ß8àPÇwà6Îu¸*·�¸KÎ0À�ÄPØN¸�¸*ÉT·�¸ È ¸*É!ÆpÑ�·�¼�µ�·�¸�Ä�ÄP´�ÉTÆ�Î�´#Ä
À>·�¸�ÀX¼>Ã�¸�Ä2Æ�´4ÁeÀ>Æ�´�É�µKÞHß8à¨Ê�À>»�¶�¸�Ä6¼�Ã�À�·�Ø�´�Æ�·<À�·�ÅFØu»4¼ È<â Ä�ÃD·�¼�Á È ¼�ÁFÑ0¼�É�¸*ÉMÆaÞ\ß8à=Ø�»4¼ È<â ÄHÔ�Õ*ã�Ö_Ç
à6Î�¸�Ä2¸(Æ�¸ È Î�É�´,Ï'¶�¸�Äw½6¼�¶�»,¾�À>»�»4¼�½¡Æ�Î�¸�Ó�À�É0¾�Ú�ÃD·IÀ>ÁF¸�Äj´4É�À>ÉeäTÓYå6æ È »4´4ÑSÆ�¼HØ0¸(Æ�·�¸�À�Æ�¸�¾Pç2¶0Ä2Æ
»4´ â ¸�À>ÉMÅT¼�Æ�Î�¸*·KËaÃD·<À>Ái¸�À>É0¾�Æ�Îu¸*·�¸�½6¼�¶�»,¾TØ0¸FÉ�¼b»�¼'Ä�Ä\¼>ÃpÆ�¸*ÁFÑ0¼�·IÀ>»�·�¸dÄO¼�»�¶�Æ�´�¼�ÉwÍ�À�ÄHÉ�¼�Æ�¸�¾
À>Ø0¼�Ê'¸'Ç�à6Î�´#ÄYÆ�¸ È ÎuÉ�´,Ï'¶�¸a½aÀ�Ä6¸*ÁFÑ�»�¼�Å'¸�¾\ØMÅ�è�¸*¼cÀ>É0¾ién´4¶�Ô�Õ�ê>ÖwÀ�É0¾�ØMÅAÒgÎ�¸*ÉQÀ�É0¾QÞ(¸*»4ÑëÔ�Õ*ì�Ö_Ç
í0Î0À�É�µ�¸�ÆpÀ>»_Ç�Ô�Õ�î�Öw¶0ÄO¸d¾AÀKÎMÅ!Ø�·�´,¾QÀ>ÑuÑ�·�¼gÀ È Îb´4ÉMÊ'¼�»�Ê!´�É�µKÀ�Þ\ß8à È ¼�ÁFÑ0À�·�´#ÄO¼�ÉQÆ�¸ È ÎuÉ�´,Ï'¶�¸(ÃD¼�·
Æ�Îu¸PË_Ì,ÃD·<À>Ái¸�Ä�À>É?¾�ÀHÁF¼�Æ�´4¼�ÉKÊ'¸ È Æ�¼�·�Ê�À>»4´#¾!´4Æ2ÅSÄ È Î�¸*Ái¸YÃD¼�·�Æ�Î�¸PÓ�À>É0¾FÚ�ÃD·<À�ÁF¸�Ä%Çjäb¸*Éuµ\¸�Æ6À�»_Ç
Ô�î�ÖsÀ>»,Ä2¼X¶0Ä2¸�¾KÆ�Î�¸pÊ�À>»4´#¾!´4Æ2ÅS¼>ÃwÁi¼�Æ�´�¼�É�Ê'¸ È Æ�¼�·<ÄjÆ�¼K¾M¸*Æ�¸ È Æ�ÄOÎ�¼�Æ È Î0À>Éuµ�¸�Ä�Ç�à6Î�¸*Å�¾!¸�Ä È ·�´�Ø0¸�¾�À�É
À�¾uÀ>Ñ�Æ�´4Ê'¸�Æ�¸ È Î�É�´#Ï�¶�¸HÃD¼�·c¾!¸*Æ�¸�·�ÁF´�É�´4É�µKÆ�Î�¸�Æ�Î�·�¸�ÄOÎ�¼�»,¾�ÄH¶0ÄO¸d¾ë´�É�Æ�Î�¸*´4·¢À>»4µ�¼�·�´4Æ�ÎuÁTÇ�ïð»#À>·�µ�¸
Ñ0¸*· È ¸*É!ÆIÀ>µ�¸�¼�ÃaÆ�Îu¸FÄ2Î�¼�Æ È Î0À�É�µ�¸dÄ È À>É�ØN¸i¸�À�Ä2´4»4Å©¾!¸*Æ�¸ È Æ�¸d¾bØ!ÅTÑ0¸*·2ÃD¼�·�Ái´4É�µQÀ�É�À�É0À>»�Å�Ä2´,ÄH¼>Ã
Æ�Îu¸KÁQÀ È ·�¼�Ø�»�¼ Ètâ ´�É!ÃD¼�·�ÁQÀ>Æ�´4¼�É:¼�É�»�Å'ÇKà6Î�´#Ä(´,Ä(Ã�À�ÄOÆ�¸�·PÆ�Î0À�É�¶?ÄO´4ÉuµbÞHß8àÛ´4ÉMÃD¼�·�ÁeÀ>Æ�´�¼�ÉwÇSà6Î�´#Ä
Æ�¸ È Î�Éu´,Ï'¶�¸(½rÀ�ÄpÀ>»#ÄO¼�¶0ÄO¸�¾FØMÅQén´4¶©À>É0¾bí0´ Ètâ Ô	ñ�Ö_Ç

à6Î�¸aÀ�»4µ�¼�·�´�Æ�Î�Áò¾!¸�Ä È ·�´�ØN¸d¾¢´�ÉXÆ�Î�´,ÄwÑ0À>Ñ0¸*·�¶0ÄO¸�ÄwÆ�Îu¸aäTÚ�Æ2ÅMÑN¸�´�É!ÃD¼�·�ÁQÀ>Æ�´4¼�ÉHÆ�¼H¾!¸*Æ�¸ È ÆjÄOÎu¼�Æ
È Î0À>É�µ�¸�Ä%Ç�³�¼�·YÆ�Î�¸ È À�ÄO¸�Ä�½aÎ�¸*·�¸PäTÚ�Æ2ÅMÑN¸p´4ÉMÃD¼�·�ÁeÀ>Æ�´�¼�ÉcÀ>»4¼�É�¸p´,Ä�´4É0Ä2¶!ó È ´4¸*ÉMÆjÆ�¼ È ¼�ÉMô0·�Á^Æ�Î�¸
¸*ÜM´,Ä2Æ�¸*É È ¸a¼>Ã�ÀXÄ2Î�¼�Æ È Î?À>É�µ�¸'Í�ÃD¶�·�Æ�Î�¸�·6ÞHß8à=À>É0À�»4ÅuÄO´,Ä�´,Ä�ÑN¸�·OÃD¼�·�ÁF¸�¾nÇjà6Î�¸¢À>»4µ�¼�·�´4Æ�ÎuÁá´#ÄqÆ�Î!¶?Ä
Ê'¸*·�ÅXÃ�À�ÄOÆpÀ�ÄY´�Æ6¶0Ä2¸�ÄY¼�É�»4Å�Æ�Î�¸¢äTÚ�´4ÉMÃD¼�·�ÁeÀ>Æ�´�¼�É�ÃD¼�·6Æ�Î�¸PÁF¼gÄOÆ�Ñ0À>·�ÆpÀ>É0¾�É�¸*¸�¾�Ä�Æ�¼K·�¸*Ê'¸*·�Æ�Æ�¼
Þ\ß8àxÀ�É0À>»�Å�Ä2´,Ä6¼�É�»4ÅKÃD¼�· È ¸�·�Æ<À�´4ÉF·IÀ>·�¸ È À�ÄO¸dÄ%Ç8à6Î�¸�ÄO¸¢ÄOÑ0¸ È ´#À>» È À�ÄO¸�Ä6½8¸*·�¸PÉu¼�Æ È ¼�É0ÄO´#¾!¸*·�¸d¾eØMÅ
·�¸dÄO¸�À�· È Î�¸*·<Ä�½aÎ�¼�¶0ÄO¸�¾:ÄO¼�»4¸*»�Å�Æ�Î�¸SäTÚ¨Æ2ÅMÑN¸¢¾�À>ÆIÀ!Ç

õsö4÷ ønùjú�û�ü!ý þKÿsü��*ÿ��Dü��
³�´�µ�¶�·�¸X¹KÄ2Î�¼�½pÄ«Æ�Î�¸��0¼�½Ð¾!´#À>µ�·IÀ>Á ¼�Ã�Æ�Îu¸XÄ2¸*µ�Ái¸*É!ÆIÀ>Æ�´4¼�ÉeÀ>É0¾ â ¸*Å ÃD·IÀ>ÁF¸p¸*ÜMÆ�·IÀ È Æ�´4¼�É È ¼�ÁFÌ
Ñ0¼�É�¸�É!ÆIÄ\¼>Ãp¼�¶�·KÄ2Å�Ä2Æ�¸*Á©Çeß�¼�ÁFÑ�·�¸�Ä�Ä2¸�¾ëÊM´,¾M¸*¼F´4É�äTÓ�å6æðÃD¼�·�ÁQÀ�ÆH´,Ä(ô0·<Ä2ÆKÄ2¸*µ�ÁF¸�É!Æ�¸�¾A´�É!Æ�¼
ÄOÎu¼�Æ<ÄKÀ�É0¾�ÃD¼�· È ¸*·�ÆIÀ>´�É È À�Ä2¸�Ä%Í�ÞHß8àðÊ�À>»�´,¾�À�Æ�´�¼�É�´#Ä\Ñ0¸*·OÃD¼�·�ÁF¸d¾nÇbà6Îu¸QÄO¸*µ�ÁF¸*ÉMÆ�¸�¾TÊM´,¾!¸*¼Q´#Ä
Æ�Îu¸*É¡Ñ0À�Ä�ÄO¸�¾¡¼�É¡Æ�¼�Æ�Î�¸QÁF¼�Æ�´�¼�É�Ê'¸ È Æ�¼�·cÀ>É0À�»4ÅuÄO´#ÄX·�¼�¶uÆ�´4Éu¸A½aÎu¸*·�¸Qµ�»�¼�Ø0À�» È À>Ái¸*·<ÀQÁF¼�Æ�´4¼�É
´4ÉMÃD¼�·�ÁeÀ>Æ�´�¼�ÉK´#ÄY¸*ÜMÆ�·IÀ È Æ�¸�¾nÇ��PÄO´�É�µXÆ�Î�¸ È À>ÁF¸�·<À(ÁF¼�Æ�´�¼�ÉK´4ÉMÃD¼�·�ÁeÀ>Æ�´�¼�ÉwÍMÄ2Î�¼�ÆIÄ6À>·�¸PÄ2¶�Øs¾!´4ÊM´,¾M¸�¾
´4ÉMÆ�¼�Ä2¶�Ø0Ä2Î�¼�ÆIÄ%Ç8³�´4É0À�»4»�Å'Í â ¸*ÅKÃD·<À�ÁF¸�Ä8À>·�¸H¸*ÜMÆ�·IÀ È Æ�¸�¾�ÃD·�¼�Á Æ�Î�¸dÄO¸SÄOÎ�¼�Æ<ÄpÀ>É0¾:ÄO¶�Ø?ÄOÎ�¼�Æ<Ä%Ç

ã



	 
���
��������������������������! "
��

#�$�%'&)(*$�+�,�-�.0/�.1&2.�(3&245%�,647,�8�%'958�.�:;4</=.1,�&24?>A@=45,�-B&C$D.E>AFG+IHJ.�KL:GM;NO$�.1F2.B+P&2FG+�,�:Q47&C45%',R&S+IT�.�:VU�9W+�(3.
>AFC%'HX%',�.O:Y$�%�&Z&C%P+I,�%'&C$�.1F\[V]^(G$�+I,D-�.ENO$D4<(G$_%=(1(3`DFG:�.1aD+�(b&C95@dc�.1&YNE.\.1,_&YNE%O>AFG+�He.�:;4<:�(1+I9795.�/
+gf1hjiE%�Fk+gl1mGnCo�p![�qVa�+�HeU�95.!:r%I>0&CFS+I,�:Y45&C47%�,�:d&C$�+�&6%=(1(3`�F�-�FS+�/�`�+�9597@s%�8�.1F�:Q.18�.1FS+I9V>AFG+�He.�:
45,�(395`�/=.R>t+�/�.!:3u)/�4<:2:Q%�978�.�:3uVNO47U�.�:3u)+I,�/s%'&C$�.1FJ:QU�.�(b4<+I9).3vw.�(3&6.�/=45&G:b[sxE$�4W:6:Q.�(b&C45%',y>A%=(3`�:Y.�:
U�F245H�+�FC4597@6%�,z/�.\&C.1F2He45,�47,�-dNO$�.1F2._c�F2.�+ITD:E%=(1(3`�F\u{:Y45,�(b.|&2$�.1@�+�FC.�&C$�.�He%�:Y&B(3%�HeHJ%�,e&Y@=U}.
%I>~:Q$�%'&B(*$�+�,�-�.�.1,�(3%'`�,=&C.1F2.�/{[

	;�"� �����J�����!������ A
������\ "���y��������
����"
;�����r���Z���
#�.1-'He.1,=&G+�&C45%',�`�:Y45,�-�H�+'(3FC%'c�95%=(GTe47,�>A%�F2H�+I&245%�,�.\a�U�97%�47&G:O&C$�.647,�&2.1FC�<>AFG+�He.�(3%�$�.\FC.1,�(b.6&C$�+�&
.1a=4<:Y&G:E45,�+68�4W/�.1%k(39547U;[ZxE$�4<:E&2.�(G$�,�4<��`�.d(\+I,�c�.�+IUDU�9547.�/e&C%J+I,=@e&Y@�U�.d%I>����Zq���:Y.���`�.1,�(3.
(3%',�:Q4W:Q&C47,�-d%I>��*uj�g+�,�/���>AFG+�He.�:;.1aD(3.1U�&V�P�Q�d�_[j] &C.�:Y&E(\+I,�c}.BH�+'/�.O&C%�:Q.\.r4¡>{&2$�.0���~qE�
¢�97._4<:O45,��d�Y�|�£>A%'FCH�+�&1uw+I,�/�4¡>Z45&B4<:bu{+�,�@�+�95-�%'FC47&C$�H¤.1HeUD95%�@�47,�-6U�`�F2.6¥|¦)x§47,�>A%�F2H�+I&245%�,
(1+�,�c�.�`�:Q.�/e&2%e/�.\&C.�(3&)&C$�.�:Y$�%�&0(*$�+I,�-'.�:_¨¡©�u;©�©1ªL[

]�:OHe.1,=&C45%',�.�/R.!+IFC9745.1F\u�+�,����ZqE��:Q&CF2.�+IH«(3%',�&S+I47,�:r�Gu¬� +I,�/��­>AFS+IHe.�:b[E�">�+R�g>AFS+IHe.
(3%',�&S+I45,�:®U�F245H�+�FC4795@�45,=&CFG+��L(b%=/�.�/����O:bu}&2$�4<:B:Q`D-�-�.!:Q&G:�&2$�+I&B&C$�.!:Q.6���O:B(3%'`�9</�,�%�&�c�.�U�FC.1�
/�4W(3&C.�/�>AFC%'H¯&2$�.OU�F2.18�47%�`�:;FC.b>A.1FC.1,�(3.V>AFG+IHJ.�u�+�,�/_&C$�+I&V&2$�.1FC.)4<:V+B$�45-'$6U�FC%'c�+Ic�479547&Q@0%I>�+�:Q$D%�&
(G$�+I,�-'._$�+18=45,�-�%=(1(3`DFCFC.!/�:Q%'He.1NO$�.\FC.dc�.1&YNE.1.1,�&2$�._U�F2.18=45%�`�:r�C°��g>AFS+IHe.P+I,�/�&2$�.6(3`DFCFC.\,�&
��>AFS+IHe.j[

�">E47,s+��£>AFG+�He.�uw+eH�+I±Y%�F245&Y@�%I>�&C$�.����O:�+�FC.6>A%�F2NO+IFS/��AU�FC.�/=4<(3&2.�/�>AFC%'H²&C$�.6U�F2.18=45%�`�:
�C°��£>AFG+�He.�u;&C$D.1,s&C$D.1FC.e4W:_+�$�45-'$gUDFC%�c�+Ic�479545&Y@�&2$�+I&k+�:Q$�%'&6(G$�+I,�-'.�%=(1(3`�FS:|c�.1&YNE.1.\,y&2$�.
(3`�F2FC.1,=&�>AFG+�He.�+I,�/z&C$�.e,D.1a�&��C°��£>AFS+IHe.�[J�">B+�H³+I±Y%�F245&Y@�%�>B&C$�.J���O:�45,´+��¯>AFG+�He.�+IF2.
c�+'(*T=NO+�FG/��AU�FC.!/�4<(3&2.�/{u�&C$�.\,�&C$�.6U�F2%�c�+�c�459745&Y@�%I>�+e:Y$�%�&�(G$�+I,�-'.6$�+18�47,�-e%=(1(b`�FCF2.�/�c�.1&YNE.1.1,
&C$D.�U�F2.18�47%�`�:��C°��X>AFG+�He.�+I,�/ &2$�.�(3`DFCFC.\,�&6>AFG+�He.�4<:6$�45-'$;[£µ^47&C$�47,^+I,=@�&YNE%sF2.3>A.1FC.\,�(3.
>AFG+�He.�:bu�&C$D._� >AFG+�He.�:Z%�,�.\45&C$D.1FO:Y4</�.d%I>�+�:Q$�%'&�(G$�+I,D-�.dHR`�:Q&Ec�.1$�+!8�.�+'(1(3%�FS/�45,D-R&2%6&C$�.�:Y.
%�c�:Q.1F28�+�&C47%�,�:b[ExE$�+�&r4W:3u�>A%�F0+I959��­>AFS+IHe.!:~U�F245%�FO&2%R&2$�.d:Y$�%�&0(*$�+I,�-'.�u�&C$�.�¢�FS:Q&O%'c�:Q.1F28'+I&C47%�,
H�`�:Q&�$D%�9</z&CFC`D.�u�+I,�/¶>A%'F6+�959)�·>AFS+IHe.�:0+!>A&C.\F|&2$�.�:Y$�%�&k(*$�+�,�-�.ju�&2$�.�:Y.�(3%�,�/¶%'c�:Q.1F28'+I&C47%�,
H�`�:Q&6$�%'9</�&CFC`D.�[¸xE$�.�&2.�:Q&S:k>A%'Fe&C$�.�U�FC.!:Q.1,�(b.�%�>�&C$�.�:Y.�>A.�+�&C`�F2.�:�+IFC.�.1HeU�97%�@�.�/¶47, &2$�.
/�.1&2.�(3&245%�,JU�FC%=(3.!:C:3[

¹ 45-'`�FC.Pº6:Q$�%�NB:O+6:Q.\&E%I>;>A%'`�FB(3%',�:Q.�(b`�&C478�.®>AFS+IHe.�:V&2$�+I&O47,�(395`�/�.�+6:Y$�%�&B(G$�+�,�-�.�[»xE$�.147F
(3%'FCFC.!:QU�%�,�/=45,�-�H�+'(3FC%'c�95%=(GT�/=4<:QUD9<+1@�4<:d:Q$D%INO,´c}.\,�.�+I&2$s.�+'(*$y>AFS+IHe.j[RxE$D.R¢�FG:Y&|>AFS+IHe.64W:
+I,¸�L�<>AFG+�He.�&C$�+�&R4W:R`�:Q.!/�>A%�F�>A%�FCN�+IFS/ U�FC.�/=4<(3&245%�,s>A%'Fe&C$�.�9<+':Q&J���<>AFG+�He.�[§#�47,�(3.�+z:Q$D%�&
(G$�+I,�-'.6%=(1(3`�F2FC.�/�c�.1&YN).1.1,�&2$�.�:Y.|>AFG+�He.�:bu}&2$�4<:ONO+':P,D%�&�U�%�:2:Q47c�95.�u�+�:�4<:O.18=4</�.1,=&E>AFC%'H¼&2$�.
H�+'(3FC%'c�95%=(GT�/�4<:YU�9<+1@647,eNO$�4<(G$�&C$�.d�V�<>AFG+�He.�(b%�,=&G+I47,�:~UDFC45H³+IFC4795@�45,=&CFG+��L(b%=/�.�/e���O:b[VxE$�.�:Y.
&YNE%e>AFG+�He.�:B+�(3&�+':|FC.b>A.1FC.1,�(3.|>AFS+IHe.�:O>A%�Fd&C$�.6&YN)%�47,�&2.1FCHJ.�/�4<+�&C.��E�<>AFG+IHJ.�:3[�xE$�.6¢�FG:Y&_�E�
>AFG+�He.O(b%�`�9W/_%�,�97@_c�.E>A%�F2NO+IFS/_U�FC.!/�4<(3&2.�/P>AF2%�H�&C$�.B�L�<>AFG+IHJ.O+I,�/½&2$�.O:Y.�(3%�,�/R�E�<>AFG+�He.)(3%�`�9W/
%�,D95@dc�.Oc�+�(GT�N�+IFS/|U�F2.�/�4<(b&C.�/r>AFC%'H�&C$�.����<>AFG+�He.�u'/�`�.)&C%�&2$�.O(3`D&�%=(1(b`�FCF245,�-�c�.1&YN).1.1,d&C$�.\H�[

¾



                                                

                                                

I - frame B - frame B -frame P - frame

¿LÀ�Á

Skipped  Macroblocks

Bidirectionally-coded Macroblocks
Forward-predicted Macroblocks

Intra-coded Macroblocks
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Æ)Ç&ù7ØPÉlÎ;Í,Ì*ÊsÓA×&ø>Ê�ÒeÇWÜL×7ØoÓEÎqÇ&Ø*Î�Ò`Ç7Ì*ÉlÍ,Ó�Ç�Ò;×GÍPØ,ÌjÎ;ÙPÊ � ÷ � ×GÒ � ÷ Õ�ÒC×7ÍPùGÙPË/ÈjÉlØ,ÜLÒCÊ&Ç7Ó[Ê&ÓAÖ\É/ÎCÙ
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�R�T�V�&�Y�o�]�>�`���[���&���f�&�T�<�%�`�j�I�������z�&�/���V�z�T�V���<���$�Y�V�����j�T�V�&�f�N�]�>�������s�T�+���5�I�G�z���'�5�?���f�'�T�
�R�T�V�&�Y�i���7 �¡l¢

�]�£�s�z�T���$�Y�j�V�q�$¤¥�V�'¦������z�}�&�z�T�[���Y�j�T�§�T�]�Y���z���+�z���[�j�¨�z�&�©�]�]�q���f�£���������z�&�©�$�V���z������¢«ªG�]�q�$¤��¬�
�����V &­+�	�$�/�-�D ®�N�j�&�f�Y�?�I�A¯<���¥¤��[�z�1���&���?�����&�I�°�-�'���V�o�?��¯]�T�&�f�&�£�V�$�<¤±�������²���§�£���z�I�§�I &­+���$�
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ªG�&�	�s�o�V ��+���z�I���z�j�I���
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µ �]�-�Y�$���Y�s�j�I�����D�$�I�§ ��j�����z�j�I���'���D�����f���?�°�f�I�z�j�I���'�£�³���&�&�Y�V�&�Y�-���Y�f���o�z�&�£��­+�����$�z���z�<¢
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